Objective To investigate whether initiating external cephalic version (ECV) earlier in pregnancy might increase the rate of successful ECV procedures, and be more effective in decreasing the rate of non-cephalic presentation at birth and of caesarean section.
Introduction
The fetus presents as a breech in 3-4% of all full-term singleton pregnancies and many of these pregnancies are delivered by caesarean section. 1, 2 External cephalic version (ECV) is an obstetrical procedure used during pregnancy to try to turn a breech fetus to cephalic by externally manoeuvring the fetus through the maternal abdomen. A Cochrane review reported that ECV at full-term gestation ( ‡37 weeks) decreases both the likelihood that the fetus will be in a non-cephalic presentation at birth and the need for caesarean section, and concluded that ECV should be recommended for all women with a breech fetus at term when there is no contraindication. [3] [4] [5] However, ECV is unsuccessful in about 40% of attempts. 6, 7 We hypothesised that initiating ECV earlier in the pregnancy (before the fetal breech descends into the pelvis and while the maximum amount of amniotic fluid is present) might increase the rate of successful ECV procedures, and decrease both the rates of non-cephalic presentation at birth and of caesarean section. We undertook a pilot trial to determine if beginning ECV somewhat earlier than term (34-35 weeks) might be more effective than beginning it at term (37-38 weeks) in terms of decreasing the rate of noncephalic presentation at birth. 8 The pilot study reported a rate of non-cephalic presentation at birth in the early ECV group of 66/116 (56.9%) compared with 77/116 (66.4%) in the delayed ECV group (relative risk [RR] 0.86, 95% CI 0.70, 1.05, P = 0.09). Although the difference was not statistically significant, we felt that the results were sufficiently promising to justify a larger trial. A Cochrane Systematic Review confirmed this finding and recommended that further trials be conducted. 9 The Early ECV 2 Trial was undertaken to answer the primary research question, 'For women with a fetus in breech presentation, does early ECV (at 34 0/7 weeks to 35 6/7 weeks of gestation) versus delayed ECV (not before 37 0/7 weeks of gestation) decrease or increase the likelihood of caesarean section?' and the secondary research question, 'Is the risk of preterm birth (<37 0/7 weeks of gestation) higher or lower with early versus delayed ECV?'.
Methods
The study was funded by the Canadian Institutes of Health Research (CIHR) and was co-ordinated jointly at Sunnybrook and Women's College Health Sciences Centre in Toronto, the University of British Columbia in Vancouver and McMaster University in Hamilton, Canada.
A pragmatic, multicentred, parallel group randomised controlled trial design, with prognostic stratification for parity (0 and ‡1) and centre, was used to test for superiority. Individual women were randomised using computergenerated random block sizes and 1:1 allocation. Randomisation was centrally controlled with a computerised randomisation program accessible by a toll-free 24-hour, 7-day-a-week telephone service. Baseline data were collected before randomisation. Data were collected on carbonless duplicate paper forms and the original copy was mailed to the Co-ordinating Centre where it was scanned into a TELEformÔ data management system (Autonomy Cardiff Software, Vista, CA, USA). Logic and range checks were used to verify the accuracy of the data.
The study received ethical approval at the co-ordinating sites and all participating centres; participating women gave consent before randomisation. Pregnant women with a singleton fetus in a breech presentation who had a recent screening ultrasound and were between 33 0/7 weeks (231 days) and 35 6/7 weeks (251 days) of gestation were eligible for the study. Women were ineligible when they presented with contraindications to ECV (such as fetal heart rate abnormalities, placental abruption, major life-threatening fetal anomalies, uterine anomalies, hyper-extended fetal head, rupture of fetal membranes, severe oligohydramnios or hydramnios); contraindications to early ECV (such as increased risk of preterm labour or placental abruption); or contraindications to labour or vaginal birth (such as placenta praevia, previous classical caesarean section); or if they had been prior participants in the trial; were at increased risk of unstable lie (such as grand multiparity); or if they planned to give birth by caesarean section even if the fetus turned to a cephalic position, or if they planned a vaginal birth if the fetus remained breech.
Settings
Centres were invited to participate in the trial if they had clinicians who were experienced in ECV and birth facilities that were deemed to meet Canadian standards as detailed in Table 1 . The ECV procedures were undertaken or supervised by experienced clinicians. Experienced clinicians were those who judged themselves to be skilled and experienced in the ECV procedure and who's Heads of Departments agreed with that judgement. This definition of experience has been demonstrated to be robust. 10 
The intervention
A screening ultrasound was undertaken at 32 0/7 -35 6/7 weeks of gestation (224-251 days) and within 1 week of randomisation to confirm breech presentation and rule out contraindications to ECV (see Figure 1 ). To allow time for booking of procedures, women were randomised at a gestational age as early as 33 0/7 weeks and up to 35 6/7 weeks of gestation, but no ECV was to be undertaken before 34 0/7 weeks of gestation. The nature of the intervention did not lend itself to blinding of either participants or clinicians. The first ECV procedure was to be performed in the early ECV group between 34 0/7 and 35 6/7 weeks of gestation and within 7 days following randomisation and in the delayed ECV group at or after 37 0/7 weeks of gestation. All attempts undertaken to manoeuvre the fetus at one visit were considered part of one procedure. In either group, if a procedure was unsuccessful, or if a fetus later reverted to non-cephalic, a repeat ECV procedure could be performed at a later date at the discretion of the care provider in consultation with the woman.
Immediately before the ECV procedure, women were reassessed to ensure eligibility for ECV including confirmation of fetal presentation by ultrasound. Fetal wellbeing was assessed by continuous fetal heart rate monitoring for 20 minutes to ensure a normal baseline rate, good variability and no evidence of decelerations, and was then monitored intermittently during the ECV procedure using auscultation, Doppler, or ultrasound viewing of fetal heart rate. The protocol recommended the use of tocolytic agents to relax the uterus during the ECV but their use was left to the discretion of the healthcare provider, as was the decision to use regional analgesia to facilitate ECV. Clinicians were directed to use the same approach to tocolytics and to regional analgesia for women in both arms of the trial.
The ECV procedure was discontinued if fetal heart tones were non-reassuring, if it was not easily accomplished, or if the woman reported undue discomfort. Fetal presentation was confirmed by ultrasound immediately following all procedures. Trial participants were monitored for at least 30 minutes following procedures to confirm fetal movement on ultrasound and a reactive fetal heart rate on continuous fetal heart rate monitoring. Anti-D immunoglobulin was recommended for all rhesus-negative women following the procedure.
Caesarean section was recommended to all women with a fetus that remained non-cephalic at the time of birth including in situations where labour began spontaneously. 11, 12 Vaginal birth was planned for all fetuses who were cephalic at onset of labour when there was no contraindication. All other aspects of care during pregnancy, labour and birth were determined by the woman and her caregiver.
Compliance with the timing of the ECV procedures in the two groups was assessed quarterly, for the trial as a whole and by centre, and reasons for non-compliance were reviewed with centres as needed. Site visits were made during study promotional visits and included random chart audits of selected data fields as well as a review of the study facility using an evaluation check list based on the Guidelines for Good Clinical Research Practice. 13 To avoid bias, the gestational age determined before randomisation was used in determining gestational age at birth and the rate of preterm birth. Members of the independent Data Safety and Monitoring Board reviewed all stillbirths and neonatal deaths, blinded to allocation group, for the existence of any anomaly considered incompatible with life and to make a determination regarding exclusion of any women from the analysis of perinatal/neonatal outcomes. Women and infants were followed until 28 days after birth or until hospital discharge, whichever was later. 
Outcome measures
The primary outcome was the rate of caesarean section. The secondary outcome was the rate of preterm birth before 37 weeks of gestation. Other outcomes included: non-cephalic presentation at birth; admission to the neonatal intensive care unit for ‡24 hours; perinatal or neonatal mortality or serious neonatal morbidity; serious fetal complications; maternal death or serious maternal morbidity; pain experienced during the procedure; and maternal satisfaction. Women provided other information regarding their likes and dislikes about ECV and about trial participation and these results will be reported elsewhere. A health economic analysis is planned. Definitions are provided in Table 1 .
Pain experienced during the procedure (for women having an ECV procedure) was measured immediately following the ECV using a single visual analogue scale with 0 representing 'no pain at all' and 100 representing 'most pain imaginable'. Maternal satisfaction was determined using a structured questionnaire asking women if they would use the same approach to the timing of ECV in another pregnancy with a breech baby or to recommend it to a friend.
Statistical analysis

Sample size
We estimated the rate of caesarean section in the delayed ECV group to be 65% based on rates from the pilot trial and adjusted for the change in the inclusion criteria. A sample size of 610/group was calculated to have 80% power to find an 8-percentage-point reduction in the rate of CS, from 65% in the delayed group to 57% in the early group (Type I error rate of 0.05; two-tailed), if such a reduction existed. This sample size would provide >70% power to detect an increase from 6% to 10% in the rate of preterm birth (Type I error rate of 0.05; two-tailed) and >85% power to detect a three-fold increase in the rate of perinatal or neonatal mortality or serious neonatal morbidity from 1.6% to 4.8%.
We then increased the sample size by 20%, initially to 1460 and finally to 1526, as we anticipated that approximately 20% of women in the early group would not have an ECV procedure because they would experience a spontaneous cephalic version after randomisation and before the scheduled version.
Interim analyses
Two planned safety interim analyses were conducted after complete data were received on the first 500 and 900 women randomised. Results were reviewed by an independent Data Safety and Monitoring Board blinded to group assignment.
Final analysis
An intention-to-treat analysis was conducted. Baseline data were compared descriptively between treatment groups. Perinatal and neonatal deaths were excluded from the analyses of measures of neonatal morbidity. Fisher's exact test was used to compare binary outcomes and Student's t-test to compare continuous variables that were normally distributed. Because only women with an ECV procedure were assessed for pain during the procedure, we used linear regression to calculate adjusted between-treatment comparisons of pain by controlling for baseline variables where there was either imbalance between treatment groups or where the variable correlated with pain scores on the first ECV. A P-value of <0.05 (two-sided) indicated statistical significance for the primary and secondary outcome and <0.01 (two-sided) indicated statistical significance for other outcomes. Relative risks and 95% CI were used to report the effects of the intervention on each outcome and risk difference (RD) was calculated for the primary and secondary outcomes. Subgroup analyses were undertaken using logistic regression analyses to test for interactions between baseline characteristics (parity [0 versus ‡1], type of breech [frank versus non-frank], gestational age at randomisation [33-34 weeks versus 35 weeks of gestation], and the national perinatal mortality rate of the country [£20/1000 versus >20/1000]) and treatment group for the primary and secondary outcomes. The statistical software sas version 9.1 (SAS Institute, Cary, NC, USA) was used for the analyses.
In keeping with recommendations for presentation of findings in the context of prior research and existing knowledge, 14 we undertook meta-analyses of the primary and secondary outcome data from this trial and the Early ECV Pilot Trial, the only previous study to compare early and delayed timing of ECV. We pooled the summary data for the primary and secondary outcomes of caesarean section and preterm birth before 37 weeks of gestation using a Mantel-Haenszel fixed effects model to calculate the RR, weighted RD and 95% CIs of harm or untoward outcome, using Review Manager (RevMan Version 5.0 Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2008) Using data from both trials, we calculated the number needed to treat to prevent one caesarean section and the number needed to treat to harm for preterm birth.
Results
A total of 1543 women were randomised from 68 centres in 21 countries between 30 December 2004 and 25 June 2008 (see Appendix S1). Two women, one in each group, asked to be removed from the study leaving 1541 women for the analyses of baseline characteristics; 767 in the early ECV group, and 774 in the delayed ECV group (Figure 1 ). Eight women were lost to follow up (two assigned to early ECV and six assigned to delayed ECV); seven before any intervention, and one following a first ECV procedure. This left 1533 women (99.4%) for the analysis of maternal outcomes; 765 in the early ECV group, 768 in the delayed ECV group.
Baseline characteristics were similar in the two groups ( Table 2 ). The timing and number of ECV procedures including success of the procedure and rates of spontaneous version are presented in Table 3 . Of the 765 women randomised to the early ECV group, 615 (80.4%) underwent at least one ECV procedure versus 461 (60.0%) of 769 women in the delayed ECV group. The majority of women in both groups underwent only one procedure. Of 615 women having an ECV procedure in the early ECV group, 584 (95.0%) had their first procedure at the expected time between 34 0/7 and 35 6/7 weeks of gestation; of 461 women having an ECV procedure in the delayed ECV group, 430 (93.3%) had their first ECV procedure at the expected time at or after 37 0/7 weeks of gestation. All ECV procedures were performed in hospital with almost all on or near the labour and birth delivery area (563/615 [91.5%] The characteristics of the fetuses at the time of the first ECV procedure for those women having an ECV procedure are reported in Table 3 , as are the outcomes of the ECV procedures. The rate of any maternal and fetal complications encountered during any ECV procedure was low: (21/615 [3.4%] in the early ECV group and 20/461 [4.3%] in the delayed ECV group), with non-reassuring fetal heart rate during the procedure being the complication that occurred most frequently. Women in the early ECV group experienced less pain during the first ECV procedure than those in the delayed ECV group, after adjusting for parity, maternal age and weight, and anterior placenta (adjusted mean score 40.6 [standard error (SE) 1.06] compared with 45.2 [SE 1.2], P = 0.0001).
Most infants in both groups were born in hospital and women had a median postpartum hospital stay of 68 hours (Table 4) .
Fewer infants were in a non-cephalic presentation at birth in the early ECV group than the delayed ECV [4.0%] in the delayed ECV group; RR 1.33, 95% CI 0.84, 2.09; P = 0.23). There were no maternal deaths in either group and no difference between groups in serious maternal morbidity (39/ 765 [5.1%] in the early ECV group versus 29/768 [3.8%] in the delayed ECV group; RR 1.35, 95% CI 0.84, 2.16; P = 0.22) ( Table 4 and Appendix S2).
One infant in the early ECV group was excluded from the analysis of perinatal/neonatal outcomes because of a lethal anomaly (trisomy 18), leaving 764 infants in the early ECV group and 768 infants in the delayed ECV group for the analyses of perinatal and neonatal outcomes (Table 5) . Three infants died, all in the delayed ECV group, none of whom had had an ECV procedure. The causes of death were unexplained intrauterine fetal death at a gestational age of 37 weeks 5 days; sepsis following cardiac surgery; and sepsis after preterm birth. One infant in each group had serious neonatal morbidity. Perinatal or neonatal mortality or serious neonatal morbidity was not different between the groups (1/764 [0.1%] For outcomes of caesarean section and preterm birth, there were no significant interactions between treatment group and the baseline variables parity, type of breech, gestational age at randomisation and national perinatal mortality rate. As a result, there were no subgroup effects observed for these outcomes.
When the data from this trial were combined with those of the pilot trial we found no evidence of heterogeneity (I 2 = 0%). The caesarean section rate in the early ECV group was 53.7% (473/881) compared with 58.1% (513/ 884) in the delayed ECV group (RR 0.93, 95% CI 0.85, 1.00, P = 0.06; RD )0.04, 95% CI )0.09, 0.00, P = 0.06) (Figure 2 ). The rate of preterm birth in the early ECV group was 6.8% (60/881) compared with 4.6% (41/884) in the delayed group (RR 1.47, 95% CI 1.00, 2.16, P = 0.05; RD 0.02, 95% CI )0.00, 0.04) (Figure 3 ). The differences between groups in the rates of both caesarean section and preterm birth are at borderline conventional levels of statistical significance. We calculated that 23 women (95% CI 11 to undefined) would need to plan early ECV procedures to prevent one caesarean section, and for every 46 (95% CI 23 to undefined) planned early ECV procedures, one additional late preterm birth would result. In both these calculations, because the risk difference is not statistically significant at the 5% level (two-sided), the upper limit is undefined and can be considered arbitrarily large.
Discussion
When the fetus presents as a breech, ECV undertaken at term reduces the need for caesarean section, avoids the risk of preterm birth and is considered safe for the fetus. 3, 6, 7, 15, 16 However, because of the risk of a failed procedure when ECV is not undertaken until 37 weeks of gestation, we hypothesised that initiating ECV somewhat earlier than term might increase the likelihood of successful ECV, thereby further reducing the need for caesarean section. [17] [18] [19] The Early ECV2 Trial found that initiating ECV at 34 0/7 -35 6/7 weeks of gestation, rather than waiting until term, §Active labour is defined as cervical dilation ‡3 cm or 80% effaced and contractions £5 minutes apart; no significant interaction between treatment group and the baseline variables parity, type of breech, gestational age at randomisation and national perinatal mortality rate; -All vaginal breeches reported as assisted, no forceps for aftercoming head and no breech extraction; **Other two locations in delayed group include ambulance and unplanned out-of-hopsital birth; àRR = 1.48; 95% CI: 0.97, 2.26; p-value = 0.07; no significant interaction between treatment group and the baseline variables parity, type of breech, gestational age at randomisation and national perinatal mortality rate; § §RR = 1.33; 95% CI: 0.84, 2.09; p-value = 0.23; --There were no maternal deaths or any cases of fistula involving the genital tract, sympotomatic broad ligament haematoma, pulmonary embolism, adult respiratory distress syndrome, or amniotic fluid embolism. ***RR = 1.35; 95% CI 0.84, 2.16; was successful at decreasing the likelihood of a non-cephalic presentation at birth. However, the decrease in noncephalic presentation did not translate into a reduction in use of caesarean section. The results of the meta-analysis, although at borderline conventional levels of statistical significance, suggest that the small (4%) reduction in absolute risk of caesarean section that we found in this trial with early versus delayed ECV may be real. For women with a fetus in breech presentation who wish to reduce their risk of caesarean section, even if it is only by this small percentage, ECV at 34-35 weeks of gestation is an option that may be considered. Although our trial did not find higher risks of adverse outcome for the fetus with early versus delayed ECV and generally the infants did well, the results of the meta-analysis suggest that early ECV may be associated with a higher risk of preterm birth. This may be because the manipulation of the uterus in attempting to turn the fetus as part of ECV contributes to initiating labour or results in a fetal complication which, in the early group, may lead to preterm birth. Irrespective of the cause, preterm birth, even at 34-36 weeks of gestation, is a concern because it is associated with acute morbidities such as respiratory distress syndrome as well as poorer long-term outcomes. 20, 21 Hence any benefits to undertaking the ECV before term in avoiding caesarean section will need to be balanced against the potentially higher risk of preterm birth.
Pain scores for the ECV procedure in both groups were moderate. Although the early group perceived less pain, it is unlikely that a 5mm difference on the 100mm visual analogue scale is clinically important. For example, in an emergency room setting a difference of <13 mm in pain scores on the visual analogue scale was not found to be clinically important. 22 Women were more satisfied with early ECV than delayed ECV in this trial. This may be because of the perceived benefits of a lower risk of caesarean section or because the early procedure was not generally available outside the trial and so some of the women joining the trial may have been doing this to have a chance of receiving the treatment that they preferred. Further research would be useful to explore women's views about the timing of ECV, given the findings from this trial.
It is not clear why the decrease in non-cephalic presentation did not result in decreased rates of caesarean section. It may be because more breech fetuses in the delayed group were born vaginally; the study was undertaken in centres where the rates of caesarean section for cephalic presentation are generally high; and because the slightly higher rate of preterm fetal complications in the Early ECV Group may have contributed to a greater need for caesarean section in that group despite the fetus being in cephalic presentation. *RR = 0.25; 95% CI 0.03, 2.25; P = 0.37 There were no reported cases of: birth trauma; abnormal level of consciousness that included coma, stupor or decreased response to pain; neonatal seizures before 72 hours of age; need for assisted ventilation ‡24 hours via endotracheal tube initiated within 72 hours after birth; meningitis within 72 hours after birth; necrotising enterocolitis; bronchopulmonary dysplasia; Grade III or IV intraventricular haemorrhage; or cystic periventricular leucomalacia §One term infant died at 17 days from sepsis following cardiac surgery; one 2570-g infant born at 35 weeks 1 day died on day 11 of Klebsiella pneumoniae after being discharged home and readmitted to NICU; one was an unexplained stillbirth born at 37 weeks 5 days; none of the three women had an ECV procedure. -Excludes deaths. **Missing data for two women in the early group, one woman in the delayed group; for these women, there was no noted resuscitation at time of delivery and no other complications noted. àRR = 0.83, 95% CI 0.26, 2.72; P = 1.00. Tocolytics are often used as part of the ECV procedure and are known to increase the success of the procedure. 23 As such tocolytics are the most important co-intervention to consider in this trial. We believe that our study reflects the use of tocolytics in practice; that is some practitioners use tocolytics routinely, some use them selectively and some do not use tocolytics at all for ECV. It is, for example, the case in Canada that betamimetics are not available for ECV. In our trial, 70% of the ECV procedures in both groups were carried out using tocolytics; so the use of tocolytics was balanced between groups averting any co-intervention bias.
Lack of power limits the ability to conclude that a real difference in caesarean section rates between groups exists. The original total sample size of 1460 was based on having a power of 80% to detect an 8-percentage-point difference, assuming the caesarean section rate in the delayed group was 65%. For a caesarean section rate of 56%, as observed in the trial, a total sample size of 1460 provides a power of 78%. However, as 1524 women were enrolled, a power of 80% was maintained. Although we calculated our sample size using data from our pilot study, The Early ECV2 Trial had a smaller than anticipated between-group difference in rate of caesarean section (8% in sample size calculations versus 4% in trial) which undermined the power to find a difference in rate of caesarean section. The rate of caesarean section may have been lower in the current study because the proportion of multiparous women enrolled was higher (47%) than in the pilot study (35%), and multiparity is associated with higher rates of spontaneous version of breech to cephalic, of successful ECV and of vaginal birth. We also had a 1% vaginal breech rate that was not accounted for in the sample size calculation.
In addition, vaginal breech births were not evenly distributed between the groups with the early ECV group having 4/765 (0.5%) compared with 12/768 (1.6%) in the delayed ECV group. These factors all have the potential to decrease statistical power. Compliance with the study protocol was generally good, however 6.7% (31/461) of the ECV procedures in the delayed group were undertaken before 37 weeks of gestation, usually as part of a clinical management plan for a condition that arose following randomisation.
Factors that affect external validity and generalisability of findings in randomised controlled trials have been well enumerated. 24, 25 The number of women enrolled in the Early ECV2 Trial was low relative to potentially eligible women. This may be partly explained by the fact that ECV is not offered or recommended to women as frequently as it should be according to current recommendations, [3] [4] [5] and when it is offered, women are often fearful of the pain and safety of the procedure. 26 Potentially eligible women may not have been identified in time to enrol in our study, as not all clinicians focus on fetal presentation as early as 34-36 weeks of gestation. In addition, recruitment is often difficult, generally, to randomised controlled trials. Despite the proportionately low numbers of women recruited, we believe that our sample was probably representative, as the rate of successful ECV in our study groups (54% and 44% for early and delayed groups, respectively) was similar to the mean rate found in two large systematic reviews reporting on ECV outcomes (60% and 58%). 6, 7 Our multicentred pragmatic trial design will enhance the generalisability of the findings. The entry criteria were broad and inclusive and practitioners undertook the ECV according to their local protocol. 
Conclusion
External cephalic version initiated at 34-35 weeks of gestation compared with 37 or more weeks of gestation increases the probability of cephalic presentation at birth, but does not reduce the rate of caesarean section and may increase the rate of preterm birth. The study findings should be discussed with women so that they can make an informed choice as to what is best for them and their infants. Phoenix); S Brown, A Gregg (University of South Carolina, Columbia); C Pitchford, D Seubert (New York University School of Medicine, New York).
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